We report the discovery of a new 21 cm H I absorption system using commissioning data from the Boolardy Engineering Test Array (BETA) of the Australian Square Kilometre Array Pathfinder (ASKAP). Using the 711.5 -1015.5 MHz band of ASKAP we were able to conduct a blind search for the 21 cm line in a continuous redshift range between z = 0.4 -1.0, which has, until now, remained largely unexplored. The absorption line, detected at z = 0.44 towards the GHz-peaked spectrum radio source PKS B1740−517, is confirmed by optical spectroscopy, using the Gemini South telescope, to be intrinsic to the early-type host galaxy. We detect a broad component at 0.2 per cent of the continuum, demonstrating ASKAP's excellent capability for performing a future wide-field survey for H I absorption at these redshifts. The [O III] and [O I] emission lines in the Gemini spectrum are broad and have double-peaked structures, pointing to outflowing ionised gas. Archival data from the XMM-Newton satellite exhibit an absorbed X-ray spectrum that is consistent with a high column density obscuring medium around the AGN. The absorption profile is complex, with four distinct components ranging in width from 5 -300 km s −1 and fractional depths from 0.2 -20 per cent. In addition to systemic H I gas, likely in a regular disc or ring structure, we find evidence for one or two blue shifted clouds and a broad outflow of neutral gas moving at a radial velocity of v ∼ 300 km s −1 . We infer that the expanding young radio source (t age ≈ 2500 yr) is driving surrounding neutral gas in an outflow of ∼ 1 M yr −1 .
INTRODUCTION
Over the past sixty years the 21 cm hyperfine transition of atomic hydrogen (H I) has been used to measure the distribution and kinematics of the neutral interstellar medium in galaxies and, importantly, trace the available fuel for future star-formation. Wide-field surveys have systematically measured the H I content in nearby galaxies (e.g. van der Hulst et al. 2001; Meyer et al. 2004; Walter et al. 2008; Koribalski 2010; Oosterloo et al. 2010; Heald et al. 2011; Haynes et al. 2011; Serra et al. 2012; Wang et al. 2013 ), while at greater distances individual H I-rich galaxies have been detected out to z ∼ 0.3 (e.g. Catinella et al. 2008; Verheijen et al. 2010; Freudling et al. 2011) . Furthermore, statistical techniques, such as spectral stacking (e.g. Lah et al. 2009; Delhaize et al. 2013; Rhee et al. 2013; Geréb et al. 2014b) and intensity mapping (e.g. Chang et al. 2010; Masui et al. 2013) have provided constraints on the cosmological H I mass density at z < 0.4 and z < 1.0 respectively. At higher redshift it becomes increasingly difficult for existing radio telescopes to detect the faint 21 cm emission in individual galaxies and we must look to absorption against background sources, either at 21 cm (e.g. Carilli et al. 1998; Curran et al. 2006 Curran et al. , 2008 Kanekar et al. 2009; Curran et al. 2011 Curran et al. , 2013b or the Lyα line at 1216 Å (e.g. Péroux et al. 2003; Rao et al. 2006; Noterdaeme et al. 2012; Zafar et al. 2013) , to understand the evolving H I content of the distant Universe. Deficiency of spatial information is the significant drawback of using absorption to map the neutral ISM, yet it still provides one of the few practical methods of directly detecting H I gas in individual galaxies at an epoch of the Universe (0.5 z 2) that has, until now, remained largely unexplored (Lagos et al. 2014) .
Apart from being an excellent probe of atomic gas in quiescent galaxies, intercepting our line-of-sight to distant quasars, absorption is also a direct tracer of the interaction between radio source and host galaxy. Recent 21 cm surveys of radio active galactic nuclei (AGN) have revealed the varied kinematic signatures of rotating disks, infalling and outflowing gas, and offset individual clouds (e.g. van Gorkom et al. 1989; E-mail: james.allison@csiro.au 2001; Vermeulen et al. 2003; Morganti et al. 2005; Gupta et al. 2006; Emonts et al. 2010; Chandola et al. 2011; Allison et al. 2012 Allison et al. , 2014 Geréb et al. 2014a) . Amongst these rather heterogenous samples it is often found that the most compact sources have the highest rate of detection, the result of either intrinsically higher column densities of neutral gas (Pihlström et al. 2003) , the relative orientation between source and absorber (Curran et al. 2013a) or, quite possibly, a combination of both (Orienti et al. 2006; Geréb et al. 2014a) . Compact steep spectrum (CSS; d 15 kpc) and GHz peaked spectrum (GPS; d 1 kpc) radio sources are particularly interesting targets since they are thought to constitute recently triggered radio AGN (tage ∼ 10 4 -10 6 yr; Fanti et al. 1995; Readhead et al. 1996; Owsianik & Conway 1998) .
By studying the kinematics of the H I gas in these young radio galaxies, along with the molecular and ionised gas, we can understand the processes by which such radio jets are triggered and their subsequent feedback on the neutral interstellar medium. Vermeulen et al. (2003) and Morganti et al. (2005) found examples of blue-shifted H I absorption components at large negative velocities (∼ −1000 km s −1 ) with respect to galaxies hosting compact radio sources, symptomatic of jet driven outflows of neutral gas. More recently, in-depth case studies of individual radio AGN, using high spatial-resolution 21 cm and multi-wavelength data, have provided direct evidence for the existence of ∼ 10 M yr −1 jet-driven outflows of H I, co-located with outflows of ionized and molecular gas e.g. 1504+377 (Kanekar & Chengalur 2008 ), 4C 12.50 (Morganti et al. 2013 ), 3C 293 (Mahony et al. 2013 ) and IC 5063 (Tadhunter et al. 2014 ).
The advent of precursor and pathfinder telescopes to the Square Kilometre Array (SKA), in particular the Australian SKA Pathfinder (ASKAP; Johnston et al. 2007; Deboer et al. 2009; Schinckel et al. 2012) , the South African MeerKAT telescope (Booth et al. 2009 ) and the Westerbork APERture Tile in Focus (APERTIF; Oosterloo et al. 2009 ), will enable astronomers to carry out radio-selected surveys for H I absorption over most of the sky. Crucially, such surveys are made possible by significant improvements in bandwidth, field-of-view, and new observatories with reduced terrestrial radio frequency interference (RFI).
Here we report the first result from a search for redshifted absorption using the ASKAP Boolardy Engineering Test Array (BETA; Hotan et al. 2014 ), a six-antenna prototype designed to demonstrate the feasibility and science capability of phased-array feeds (PAFs) based on a planar connected "chequerboard" array (Hay & O'Sullivan 2008) . The backend digital beamformer weights the signal from 188 independent PAF receptors at the focal plane of each antenna to electronically form up to nine simultaneous primary beams within an area of approximately 5.5
• × 5.5
• . This impressive flexibility in field-of-view is matched by the telescope's spectral capability; the fine filterbank generates 16 416 channels over 304 MHz of bandwidth, at observing frequencies between 0.7 and 1.8 GHz, achieving a mean 21 cm line resolution of 5.5 km s −1 and maximum redshift of z = 1.0. We are currently using BETA to search for H I absorption towards the brightest and most compact radio sources in the southern sky. We will continue to modify our target sample to fainter sources as more antennas are added to the ASKAP array, culminating in the wide-field First Large Absorption Survey in H I (FLASH) .
Throughout this paper we adopt a flat Λ cold dark matter (ΛCDM) cosmology with H0 = 70 km s −1 , ΩM = 0.3 and ΩΛ = 0.7. Radial velocities and redshifts have been corrected for the solar barycentric standard-of-rest frame. Uncertainties are given as 1 σ intervals unless otherwise stated.
H I ABSORPTION WITH BETA
2.1 A pilot survey of bright, compact radio sources As part of the early commissioning and science demonstration phase of ASKAP, we are using BETA to carry out a pilot survey of H I absorption at 0.4 < z < 1.0 towards the brightest and most compact radio sources in the southern sky. The sensitivity of the telescope is substantially less than will be achieved with the full ASKAP array 1 and so we select targets that optimise the optical depth sensitivity, through both a high signal-to-noise continuum background and high expected fraction of radio flux obscured by foreground neutral gas. The following is a list of criteria from which we select our targets: (i) Visible at declinations of δ < +20
• . (ii) A total flux density greater than 1 Jy in existing all-sky catalogues at similar frequencies to this band, which include the National Radio Astronomy Observatory Very Large Array Sky Survey (NVSS; Condon et al. 1998) , the Sydney University Molonglo Sky Survey (SUMSS; Mauch et al. 2003 ) and the second epoch Molonglo Galactic Plane Survey (MGPS-2; Murphy et al. 2007) .
(iii) Either z 0.4 or no known redshift according to the NASA/IPAC Extragalactic Database (NED) 2 , thus excluding those sources that are known to be located in front of the volume probed by 0.4 < z < 1.0.
(iv) A significant fraction of the total flux density is distributed on the compact scales measured by Very Long Baseline Interferometry (VLBI), based on those sources listed in the VLBI radio fundamental catalogue 3 . 
Figure 1. The spectral energy distribution (SED) at radio wavelengths of GPS radio source PKS B1740−517. The frequency axis is given in the observer rest-frame. The dashed line denotes the best fitting model (Moffet 1975) , using standard least squares minimisation, with a break frequency of 1 GHz and optically thick and thin spectral indices of α = 0.56 and −0. We present here our first new detection of 21 cm absorption using BETA as a demonstration of the capability of the ASKAP telescope to perform radio-selected surveys for redshifted H I. In future work we will present the results of further observations from this pilot survey.
PKS B1740−517
PKS B1740−517 was one of the first sources selected for BETA observations based on the selection criteria outlined above. It is an archetypal GPS radio source, peaking at an observed frequency of 1 GHz, with optically thick and thin spectral indices 4 of α = 0.56 and −0.83, respectively (see Fig. 1 ). Its relative compactness and high flux density (S843 = 8.15 ± 0.24 Jy; Mauch et al. 2003 ) make this source an ideal target for H I absorption. Flux monitoring by King et al. over ∼700 days, using the 26 m antenna at the Mt. Pleasant Observatory (King 1994; Jauncey et al. 2003) , indicated that the source is weakly varying at 2.3 GHz (by approximately 20 per cent), with no variation seen at 8.4 GHz over this time range. They demonstrated, by fitting to visibility data from three baselines in the network of Australian VLBI antennas (Parkes -Hobart, Parkes -Perth and Parkes -Alice Springs), that the 2.3 GHz continuum emission is adequately modelled by two compact Gaussian components of angular extent less than 10 mas and separated by 52 mas (Fig. 2) . While there is some residual flux on the longest baselines, which might be indicative of more complex compact structure, the total flux density at 2.3 GHz is apparently accounted for by the modelled compact components. The spectral behaviour, VLBIscale structure and low variability are all evidence that this radio Mauch et al. 2003) . The open red square denotes the position of the radio source given by the second realization of the International Celestial Reference Frame (ICRF2; Fey et al. 2009 ). The faint background streaking in the optical image is due to scattered light from µ Arae, a fifth magnitude star at an angular separation of 5.9 arcmin to the south-west. Right: A high spatial-resolution 2.3 GHz source model of PKS B1740−517 by King (1994) , from VLBI observations using three antenna baselines, taken on 1989 December 6. The contour levels are at 1, 5, 10, 20, 35, 50, 65, 80 and 95 per cent of the 2.67 Jy beam −1 peak flux density. The source is well modelled by two hot-spot components separated by 52 mas in a flux ratio of 3.9 to 1.
source is either intrinsically young and/or frustrated (e.g. O'Dea 1998). At a Galactic latitude of b = −11.5
• and longitude of l = 340.2
• , PKS B1740−517 is seen through a densely populated foreground (Fig. 2) , which is likely the reason for the lack of optical information for this source. Despite this, di SeregoAlighieri et al. (1994) used imaging and spectroscopy with the ESO 3.6 m telescope to secure an optical identification of the host galaxy, noting that it has a particularly red continuum. Unfortunately they could not detect any strong optical emission lines and hence secure a spectroscopic redshift. Approximate indicators of the redshift have been determined by photometric means; Wall & Peacock (1985) give a rough estimate of z = 0.347 based on their empirically derived V -band magnitude relationship (but noting a poor optical identification with the radio source), while Burgess & Hunstead (2006) estimate that z = 0.63 based on the R-band magnitude of 20.8. At longer wavelengths, the infrared colours [3.4 -4.6 µ m] = 1.06 and [4.6 -12 µ m] = 2.85, from the Wide-field Infrared Survey Explorer (WISE; Wright et al. 2010) , are consistent with a quasi-stellar object at z ∼ 0.5 ( fig. 1 of Blain et al. 2013) . These photometric indicators of the redshift suggested that PKS B1740−517 would provide a suitable background target against which we might detect absorption in the range 0.4 < z < 1.0 with BETA.
Observations
On three dates -2014 June 24, August 03 and September 01 -we used the 711.5-1015.5 MHz band of the ASKAP BETA prototype (Hotan et al. 2014) to search for 21 cm absorption towards PKS B1740−517 in the redshift range 0.4 < z < 1.0. In Table 1 we summarise the parameters for each of these observations. Fig. 3 shows the nominal footprint of the nine PAF beams for our observation (a symmetric diamond pattern), centred on RA(J2000) = 17 h 44 m 25. s 45 and Dec.(J2000) = −51
• 44 43. 8. Additional observations of a calibrator source (PKS B1934−638) were carried out in 5 to 15 min scans at the centre of each PAF beam. Using weights that maximise the signal-to-noise ratio (see Hotan et al. 2014) , PAF beams were generated with nominal half-power widths that decrease from 2.07
• to 1.45
• across the whole bandpass. The six 12 m antennas are arranged in an array that is elongated by a factor of approximately 2 in the east-west direction, with baselines in the range 37 -916 m. Across the band the data are sensitive to angular scales in the range 1 -39 arcmin. The fine filterbanks in the beamformer generate 16 416 independent spectral channels separated by approximately 18.5 kHz, equivalent to velocities in the range 5.5 -7.8 km s −1 across the band.
Data analysis
We used the CASA 5 package (McMullin et al. 2007 ) to initially separate the raw data into each of the nine beams and flag the auto-correlations and large amplitude values due to digital glitches. The PAF beams are formed digitally by applying weights to elemental receptors, which in the case of BETA are constant in a repeating pattern of 4 and 5 MHz intervals. There are some bandpass effects at the edges of these intervals, but within them we find that the bandpass is flat at a level significantly lower than the noise. This is further corroborated by the absence of false positive detections; see section 3.3. We therefore pursued a calibration strategy that split the full spectral resolution data into 64 sets of fine-channel data for each beam based on the exact pattern of 4 and 5 MHz intervals. We also generated a set of coarse data for each beam with 32 × 9.5 MHz channels, produced by averaging over 513 of the fine channels. The 18.5 kHz fine channels are used to search for 21 cm absorption, while the 9.5 MHz coarse channel data are used to produce high signal-to-noise ratio (SNR) images, which in turn are used for self-calibration.
We performed calibration, imaging and further flagging of the data using tasks from the MIRIAD 6 package (Sault et al. 1995) . Those 18.5 kHz channels that were corrupted by narrowband radio frequency interference (RFI) were flagged using a MIRIAD implementation of the SumThreshold method developed by Offringa et al. (2010) , which typically resulted in a data loss of a few per cent. The majority of this low-level RFI is caused by single-channel spikes, commonly referred to as birdies, which are generated by the cooling system flow regulator valves associated with the first generation of phased-array feeds. Further corrupted data, resulting from problems with individual antennas, antenna baselines or the backend correlator, were also manually removed at this stage. In particular, there is an intermittent problem with the time synchronisation between individual correlator cards that resulted in 50 per cent of the spectral band being flagged for the data obtained on 2014 June 24 and September 01, whereas the data taken on August 03 are relatively clean.
The flux density scale and initial gain corrections for each antenna were calculated for short scans (between 5 and 15 min) of PKS B1934−638 in each PAF beam, using the model of Reynolds (1994) . These were then transferred to the corresponding data in the PKS B1740−517 field. We achieved further correction to the antenna gains, for each beam, by performing multiple iterations of self-calibration on the 9.5 MHz coarse-channel data, which span the whole band and therefore provide optimal signal-to-noise while retaining some spectral information. A multi-frequency synthesis variant of the CLEAN algorithm (Högbom 1974 ) was used to generate a sky model in each beam, using the positions of the known continuum radio sources in the SUMSS 843 MHz radio catalogue (Mauch et al. 2003 ) as a prior. These sky models were then used in the MIRIAD SELFCAL task to generate corrections to the amplitudes and phases. At each iteration we then simply applied these corrections to each of the corresponding 64 sets of 18.5 kHz fine-channel data.
Precise subtraction of the continuum flux density was achieved by generating continuum images for each of the 64 sets of fine-channel data and then subtracting the corresponding CLEAN component models (using UVMODEL) from the visibilities. Any residual flux density associated with either sources in that beam or the instrumental spectral response was removed using UVLIN, where a third-order polynomial was found to be sufficient. We image the continuum-subtracted data in the standard way, forming cubes that are equal to the nominal FWHM of the beams at the middle of the band. Spectra were then extracted at the positions of identified continuum target sources within each beam centre and converted to units of fractional absorption through dividing by a measurement of the continuum.
Combining spectra from multiple PAF beams
A given source within the field-of-view may be common to multiple PAF beams and so we produce a single spectrum by averaging over the spectra from individual beams. Since our arrangement of the PAF beams is such that they overlap, the noise is not indepedent and so we produce the optimal signal-to-noise ratio by weighting each spectrum by the inverse of the noise covariance matrix. In the case of the diamond footprint used in our observations, the nominal noise correlation measured between adjacent beams (separated by 1.2
• between their centres) ranges from approximately 20 to 5 per cent across the 711.5 -1015.5 MHz band. The optimal averaged spectrum is then given Figure 4 . The 711.5-1015.5 MHz BETA spectrum towards PKS B1740−517, averaged over our three observing epochs. The barycentric corrected observed frequency is shown on the lower-abscissa, and the upper-abscissa denotes the corresponding H I redshift. The data (black line) denote the change in flux density as a fraction of the continuum and the grey region gives the corresponding 1 σ spectral noise multiplied by a factor of 5. An absorption line is visible in the spectrum at ν bary = 985.5 MHz, equal to a redshift of z = 0.4413. An increase in the noise is seen in those parts of the band where 50 per cent of the correlator was unavailable for two of our three observations. Table 1 . Summary of our 21 cm observations using BETA, where column 1 gives the date of observation; column 2 and 3 the modified julian date (MJD) start and end times; column 4 the number of PAF beams used and their footprint; column 5 the ASKAP antennas used; column 6 the on-source integration time; columns 7, 8 and 9 properties of the restoring beam, which include the FWHM of the major and minor axes, and their position angle, respectively; column 10 the median per-channel noise in the centre beam, across the 304 MHz band. Note that differences in the spectral noise between these observations are consistent with the integration times and number of antennas. Fig. 3 for details of the 9-beam diamond configuration. The centre configuration refers to a single beam centred on PKS B1740−517. b See fig. 2 of Hotan et al. (2014) for details of the BETA antenna positions.
where
C beam is the noise covariance matrix between beams, S is the set of fractional absorption data in each beam and w is an accompanying set of weights, which in this case are unity. The elements of C beam are estimated by measuring the noise covariance between pairs of beams on a per-pixel basis.
In Fig. 4 we show the resulting full 711.5-1015.5 MHz spectrum towards PKS B1740−517, averaged over all three epochs. It is clear that the quality of the spectrum is extremely high and we did not need to excise any large region due to radiofrequency interference. As described above, only minor birdies were found, and these were due to hardware issues that either have been fixed or will not be present for the full ASKAP system. These observations make us optimistic that ASKAP will be a successful instrument in this frequency range.
RESULTS

HI absorption towards PKS B1740−517
We search for the signature of H I absorption in the BETA data using a spectral line detection and modelling technique based on Bayesian model comparison (see Allison et al. 2014 and references therein) . The spectral data are modelled by convolving a physical model of the line, consisting of multiple Gaussian components, with the known gain response of the fine filterbank channels. Using this method we detect a single absorption line in the 21 cm spectrum of PKS B1740−517, located at an observed frequency of 985.5 MHz, equal to an H I redshift of z = 0.4413. By sequentially increasing the number of Gaussian components, and comparing the Bayes factors, we arrive at a best fitting spectral model for each of our observing epochs, and for the average spectrum. In Table 2 we summarise the model parameters and in Fig. 5 we show the best fitting Gaussian components and the total model. We find that the combined data are best fitted by four components, corresponding to two narrow components (widths ∼ 5 and 8 km s −1 ) at the position of peak absorption and two broad components (widths ∼ 50 and 300 km s −1 ), which are respectively redshifted and blueshifted with reference to the peak absorption. The latter blue shifted broad component, with a peak at approximately 0.2 per cent of the continuum, is arguably the most tentative. However, we believe the veracity of this detection for the following reasons: (a) the inclusion of this component is strongly warranted by the data above the formal noise, with an increase in log-evidence of ∆ln(Z) = +39.8 and a decrease in reduced chi-squared for the best-fitting model parameters of ∆χ 2 /d.o.f. = −0.5; (b) other such features are not present elsewhere in this spectrum or other sources in the field (see Section 3.3); (c) the feature is stable to changes in our continuum subtraction procedure. The ability to detect such absorption at 0.2 per cent of the continuum, and the apparent excellent quality of the bandpass between the beam-forming intervals, is extremely encouraging for detecting these systems in future ASKAP surveys. We discuss the possible physical interpretations of these results in section 5.
Spectral variability
Our 21 cm observations with BETA were carried out in three separate epochs with adjacent intervals of 40 and 29 days. Over these time intervals we can test for variability, either stochastic or systematic, in both the shape and position of the individual spectral components. Limited evidence in the literature indicates that ∼ 10 per cent stochastic fluctuations may occur in the relative fluxes of some H I absorption components on time scales of days to weeks; prominent examples are the two intervening absorption systems towards the flat-spectrum quasars AO 0235+164 (Wolfe et al. 1982) and PKS B1127−145 (Kanekar & Chengalur 2001) , which exhibit flux variation but no significant shift in position or width. Several possible models exist to explain such behaviour, which include motion of radio source components with respect to the foreground absorber (Briggs 1983) , interstellar scintillation in the Milky Way Galaxy (Macquart 2005) , and microlensing of the background source (Lewis & Ibata 2003) . All of these models require that the opacity of the absorbing gas has significant spatial variation on angular scales smaller than ∼1 mas, equivalent to a few parsecs at z = 0.44. If we consider the parameters of the individual components summarised in Table 2 we see no significant changes in the peak fractional absorption and therefore find no evidence for stochastic fluctuations in the individual absorption components towards PKS B1740−517.
A systematic shift in the absorption redshift is predicted due to acceleration of the cosmological expansion (Darling 2012 ). If we consider the deepest component in our detected line (component 1 in Table 2 and Fig. 5) , which has the highest redshift precision, we estimate a mean secular redshift drift of ż = −0.7 ± 1.9 × 10 −5 yr −1 across our two time intervals, consistent with no detection. This limit is six orders of magnitude larger than the expected theoretical value ofż = +1 × 10 −11 yr −1 at z = 0.5, which is not surprising given the required sensitivity (σz ≈ 4 × 10 −10 ) and time interval (∆t ≈ 12 yr) for a detection using the SKA telescope, predicted by Darling (2012) . Of the other components, the most significant positional shift is seen in component 4, which at a value of Table 2 . A summary of model parameters derived from fitting the H I absorption line seen towards PKS B1740−517 for each epoch and the average spectrum. Column 1 gives the observation epoch; column 2 the Gaussian component corresponding to that shown in Fig. 5 ; column 3 the component redshift; column 4 the component rest-frame FWHM; column 5 the peak component depth as a fraction of the continuum flux density; column 7 the Bayes detection significance as defined by Allison et al. (2014) and references therein; column 8 the reduced chi-squared statistic for the best fitting model. The 1 σ uncertainties are derived using simultaneous model fitting for all components, taking into account the gain response of the spectral channels (see text for details). Figure 5 . The best-fitting models of the BETA spectra for each of the three observing epochs and the average spectrum. The radial velocity axis is given relative to the rest frame defined by the peak optical depth (vertical dotted line). The grey line represents the spectral data and the solid black line represents the best fitting line model. The dashed green lines denote the individual Gaussian components, which are identified by numbers that are ordered by descending peak line strength. The solid red line denotes the best fitting residual. ∆z = −4.8 ± 2.0 × 10 −4 is only significant at the 2.4 σ level and much larger than the predicted cosmological shift.
Other sources in the field
The field of view available with nine PAF beams enables a wider search for intervening and intrinsic H I absorption in the spectra of multiple sources. Based on a nominal noise per channel of 20 mJy beam −1 for the data averaged over all three observations, we searched the spectra of 71 sources brighter than 100 mJy within 1
• of each beam centre, selected from the SUMSS (Mauch et al. 2003) and MGPS-2 ), giving a 5 σ detection limit for absorption against the weakest sources at the beam centre. Using the spectral-line finding technique of Allison et al. (2014) we found no further H I absorption in the spectra of radio sources in this field i.e. all spectra are consistent with the noise. Despite these non-detections, in Appendix A we demonstrate that they can be used to constrain the column density frequency distribution function and predict the sensitivity of an all-sky survey with the full ASKAP telescope.
MULTI-WAVELENGTH FOLLOW-UP OF PKS B1740−517
Observations with Gemini South
As discussed in section 2.2, prior to the BETA observation the redshift of the optical counterpart to PKS B1740−517 was not well known, with no spectroscopically-determined value available from the literature. Furthermore, the 21 cm absorption redshift did not match any of the published photometric redshift estimates. The interpretation of the observed absorption required an accurate knowledge of the host galaxy redshift, so that the H I gas could be associated either with the host galaxy of the radio source or with an intervening system. We therefore obtained time from Gemini South under the Director's Discretionary Time program (proposal code GS-2014B-DD-2) to acquire long-slit spectroscopy and g r i -band imaging with GMOS (Hook et al. 2003) . The long-slit spectroscopy was taken with the R400 grating, utilising two grating settings with central wavelengths 7000 Å and 7050 Å. This was chosen to put the Hβ and [O III] lines in the centre of the spectrum for a host redshift equal to that of the H I absorption. At each grating setting we obtained 3 × 900 s exposures, giving a total exposure time of 1.5 h. A 1.5 arcsec slit was used, and the CCD was binned 2 × 2 on-chip, resulting in a resolution of ∼11 Å (as measured by fitting the arc lines).
The spectra were reduced in IRAF, using standard techniques within the Gemini package. The spectra were biassubtracted and flat-fielded using calibration frames from the Gemini Facility Calibration Unit (GCAL). Wavelength calibration made use of Cu-Ar comparison spectra, and the spectrum was flux calibrated using observations of the standard star Feige 110. We also acquired images with GMOS in the g r i bands. Each image consisted of 4 × 75 s exposures, which were binned 2 × 2 on-chip, giving a pixel scale of 0.16 arcsec/pix. A threecolour image (g as blue, r as green and i as red) is shown in Fig. 6 . The host galaxy of PKS B1740−517 is indicated by the solid horizontal bars, and the orientation and width of the slit are indicated by the parallel lines.
The full GMOS spectrum is shown in Fig. 7 with a measured full width at half maximum (FWHM) spectral resolution of 11 Å from fitting the Cu-Ar arc spectra. (Vazdekis et al. 2010 ) to the underlying stellar continuum. Using this method we obtain a systemic redshift of z = 0.44230 ± 0.00009, and therefore conclude that the H I absorption system seen toward PKS B1740−517 is associated directly with the host galaxy.
In Fig. 8 we show the velocity structure of the emission lines (after subtraction of the stellar fit) in the rest frame defined by the systemic redshift. (Smith et al. 2010; Liu et al. 2010; Shen et al. 2011) , and their origin has largely been ascribed to kinematic effects within a single, rather than binary, AGN (see also Fu et al. 2012) . Furthermore, the emission peaks are separated by more than 500 km s −1 which is consistent with the large velocity widths measured for outflowing ionised gas associated with AGN-driven winds rather than rotating circumnuclear material. Such winds have recently been spatially-resolve by integral field spectroscopic observations of type II AGN (Liu et al. 2013; Harrison et al. 2014; McElroy et al. 2015) . In Table 3 we summarise the properties of individual emission lines, where the fluxes and equivalent widths are estimated from fitting Gaussian models to the emission lines after subtraction of the best fitting stellar population models. The continuum level, used in calculating the equivalent width, is measured adjacent to the relevant line from the original unsubtracted spectrum.
Archival data from XMM-Newton
Data analysis
By matching the ICRF2 position of PKS B1740−517 to sources listed in the 3XMM-DR4 XMM-Newton Serendipitous Source Catalogue, we found a bright X-ray source, 3XMM J174425.3-514444, at an angular separation of 1 . This field was serendipitously observed as part of targeted observations towards HD 160691, a fifth-magnitude star also known as µ Arae, which is 5.9 arcmin away from PKS B1740−517. Via the XMMNewton Science Archive 7 , we obtained four X-ray spectra of PKS B1740−517 (see Fig. 9 ), from two separate observations of integration time 7 800 s and 11 700 s, and fitted these simultaneously using the modelling package XSPEC (Arnaud 1996) . We found that the X-ray spectra are well fit by a standard absorbed power-law model. Due to the relatively low Galactic latitude of b = −11.5
• , we incorporate an additional fixed absorption component in our model due to the Galactic foreground, estimated within XSPEC to be N H,Gal = 1.09 × 10 21 cm −2 . Using this model, we obtain an estimate of the intrinsic column density towards PKS B1740−517 of NH,X = 1.21 . While the intrinsic column density is consistent with that measured for other Xray observed GPS radio sources, the photon index is harder than might be expected 8 , possibly indicating an obscured Comptonthick AGN, similar to that seen for PKS B1607+26 (Tengstrand et al. 2009) . If the observed spectrum is indeed arising from reflection of the primary X-ray emission off a Compton-thick obscuring medium, then sight-lines to the AGN may instead have column densities in excess of 10 24 cm −2 . Using the above best fitting model to the XMM-Newton spectra we estimate an X-ray luminosity of L 2−10 keV ≈ 4. the distribution of luminosities measured for other GPS radio sources (Tengstrand et al. 2009 ).
Upper limit on the HI spin temperature
By combining the X-ray derived total column density of hydrogen and the BETA 21 cm data we can attempt to constrain the H I spin temperature. In the absence of any H I emission line, the 21 cm optical depth can be estimated by
where ∆S is the change in flux density due to absorption, Scont is the continuum flux density and c f is the covering factor, i.e. the fraction of background source obscured by the foreground absorber. The column density of H I gas (in units of atoms cm −2 ) is then given by
where Tspin is the 21 cm spin temperature (in units of K) and τ21(v)dv is the rest-frame velocity integrated optical depth (in units of km s −1 ). For sight-lines where several gas components may exist at different spin temperatures, Tspin is the columndensity-weighted harmonic mean over those components. Under Figure 8 . The H I 21 cm absorption, oxygen and Hβ emission lines in the rest-frame defined by the systemic redshift of the host galaxy (zsys = 0.44230 ± 0.00009). In all cases the continuum has been subtracted from the spectrum. The vertical dotted lines denote the location of H I absorption components 1 (left) and 3 (right), which correspond to the deepest and most redshifted components respectively. The red horizontal error bar indicates the ±27 km s −1 uncertainty in the systemic velocity. the rather tentative assumption that the 21 cm and X-ray spectra probe similar sightlines through the gas, an upper limit on the spin temperature can be obtained from
where NH,X is the total column density of hydrogen estimated from the XMM-Newton spectra. We estimate the 21 cm optical depth from our BETA data using Equation 3, which of course depends on the value we adopt for the covering factor (c f ). Assuming a covering factor of unity (which gives a lower limit to the optical depth and hence a spin temperature upper limit), our best estimate of the total integrated optical depth from the average BETA spectrum is 2.85 ± 0.10 km s −1 . Based on the column density of total hydrogen derived from a simple absorbed power-law model of the X-ray spectra, we obtain an upper limit on the spin temperature of Tspin 2330 ± 1180 K. The large fractional uncertainty in the X-ray derived NH,X results in a poor constraint on this upper limit, yet is consistent with other direct measurements of extragalactic spin temperatures; both from 21 cm observations of known Damped Lyα absorption systems towards quasars (Curran 2012; Kanekar et al. 2014 ) and by combining the intrinsic H I absorption in quasars with extinction estimates from their optical continuum (e.g. PKS B1549−790; Holt et al. 2006) . However, it is worth re-stating that such an estimate strongly depends on the assumption that the sight-lines to the radio and X-ray sources are probing similar gas distributions over several hundred parsecs.
DISCUSSION
PKS B1740−517 is a powerful GPS radio source (L radio ≈ 4 × 10 44 ergs s −1 ), which through optical spectroscopy and imaging we have established is hosted by an early-type galaxy at zsys = 0.44230 ± 0.00009. Using this redshift and a leastsquares fit to the SED shown in Fig. 1 yields a spectral age for PKS B1740−517 of approximately tage ≈ 2500 yr, where we have assumed an equipartition magnetic field (Murgia 2003) . From VLBI observations, King (1994) found that the 2.3 GHz flux density is contained within two 10 mas-scale radio components, in a ratio of approximately of 3.9 to 1. The angular separation of the approaching and receding radio jets is 52 mas, corresponding to a physical scale of ∼ 300 pc. The angle i at which the jet axis is inclined to the line-of-sight can be estimated from the relative brightness Rjc of the two radio hot spots as follows (e.g. Holt et al. 2006 )
where α is the spectral index and γ is the bulk Lorentz factor in the jet. Assuming that the intrinsic luminosities of the two hot spots are equal and that α = −0.83, Rjc = 3.9 (and a typical Lorentz factor in the range 5 < γ < 10), we estimate that the jet axis is inclined by i ≈ 76
• with respect to the line-of-sight, giving a jet axis radius of r ∼ 150 pc. The linear size, X-ray luminosity and 5 GHz radio luminosity 9 (L5 GHz ≈ 8.8×10
43 ergs s −1 ) of this source are consistent with the relationships between these properties found by Tengstrand et al. (2009) for other GPS sources. Based on the above assumptions we find that the average separation velocity of the two radio hot spots is approximately 0.4 c over the lifetime of the radio AGN, consistent with directly measured expansion velocities of radio-loud GPS and CSS sources in the literature (see de Vries et al. 2009 ).
The optical spectrum exhibits prominent oxygen emission lines with equivalent widths relative to Hβ in the ratios [O III]λ5007/Hβ = 5.60 ± 1.43 and [O II]λ3727/Hβ = 5.64 ± 1.34, placing it in the Seyfert 2 region of the blue classification diagram for redshifted emission-line galaxies ( Fig. 10 ; Lamareille 2010) . The large velocity widths and double-peaked structure of the [O III] and [O I] emission lines indicate that the ionised gas in the AGN is likely being driven out as a bipolar outflow (Ganguly & Brotherton 2008 emission are also thought to arise from excitation by fast shocks (300 -500 km s −1 ), which indicate strong interaction between the jets and ISM (Dopita & Sutherland 1995) .
Without spatially-resolved 21 cm spectroscopy it is difficult to accurately model the observed H I absorption system. However, we can present the most likely hypotheses based on the existing data and prior knowledge of such systems. In Fig. 8 we compare the velocities of the H I absorption components with respect to the optical emission lines. The most redshifted component of the H I line (component 3 in Fig. 5 ) is consistent with the dynamic centre of the [O III] emission lines, both of which are slightly offset by ∼ 100 km s −1 with respect to the systemic velocity defined by the stellar continuum. The velocity and width (∆v50 ≈ 55 km s −1 ) of this component is consistent with H I absorption seen through the inclined 100-pc scale discs of other nearby Seyfert galaxies (e.g. Dickey 1982; Gallimore et al. 1999; Allison et al. 2014) and in other radio AGN (e.g. Geréb et al. 2014a) , indicating that this could be tangentially rotating gas located in either a disc or ring structure in the host galaxy. The measurement uncertainty in the systemic velocity, derived from model fitting the stellar continuum through MonteCarlo realisations of the spectrum, is approximately 27 km s −1 , indicating that the observed H I offset is significant at 3 σ (although still consistent with the dynamic centre of the ionised gas at low spectral resolution). This offset could be caused by: (a) the relative size scales of the stellar, atomic and ionised gas distributions, and therefore trace slightly different velocities or (b) a systematic error not accounted for in the uncertainty estimate.
The other three components in our absorption model represent H I gas that appears kinematically distinct from the disc-like distribution discussed above (similar to the absorption system seen in PKS B1814−637 and studied in detail by Morganti et al. 2011) . The velocities of these components are coincident with the position of the blueshifted [O III] and [O I] emission peaks and so could represent outflowing clouds of neutral gas, driven by one of the radio jets. If we consider that the radio hot spots are in the ratio 3.9 to 1 and that as a fraction of the radio continuum the peak absorption (component 1 in Fig. 5 ) cannot exceed 100 per cent, then given that it has a value of 20 per cent of the total continuum flux at 985.5 MHz (Table 2) this favours a location in front of the brighter radio component. Of course this interpretation assumes that the relative spectral behaviour of these radio components is constant between 2.3 GHz and 985.5 MHz. If the gas represented by the peak absorption was instead located in front of the fainter hot spot it would imply that all of the radio flux is being absorbed, in which case we would expect to see a saturated line profile. Given the evidently narrow width of this component and the separation of the BETA channels we cannot resolve the profile sufficiently to test this alternative hypothesis. This source will therefore provide an excellent future target for the high spectral-resolution zoom mode proposed for ASKAP.
Using the relationship shown in Equation 4 we can estimate the column density of H I in these absorption components. Assuming that the peak absorption is arising in front of the brighter radio hot spot and since its flux density is approximately 80 per cent of the total (or equivalently that the H I covering factor of the total radio flux c f = 0.8), then the velocity integrated optical depth for component 1 is 1.53±0.07 km s −1 . If the other two blueshifted absorption components (2 and 4) are also arising in front of the same radio component then they will have integrated optical depths of 0.42 ± 0.05 and 1.09 ± 0.23 km s −1 respectively. If we further assume that the width of the narrowest absorption (component 1) is dominated by thermal broadening, we can estimate an upper limit to the kinetic temperature of the gas as follows:
where ∆v50 is the FWHM of the spectral line, mH is the mass of a hydrogen atom and kB is the Boltzmann constant. In the Figure 10 . The blue classification diagram for redshifted emission-line galaxies (Lamareille 2010) , where the position of PKS B1740−517 is indicated by the error bars.
limit that the gas is collisionally excited the kinetic temperature is a good proxy for the spin temperature, and so by using Equation 4 we estimate individual column densities of NHI (1.47 ± 0.12), (0.41 ± 0.05) and (1.05 ± 0.23) × 10 21 cm −2
for absorption components 1, 2 and 4, respectively. This assumes that all three components are seen in front of the brighter radio hot spot and represent gas of similar spin temperatures. If any of these components instead arise in front of the fainter hot spot then their column densities and subsequent mass estimates will be significantly higher by a factor of ∼ 5 − 10. We note that absorption components 1 and 2 have similarly narrow profiles and appear at the same offset velocity in the BETA spectrum, so they could represent dense clouds of H I gas either close to the radio jet (perhaps even mechanically driven outwards by the jet) or just in the disc indicated by component 3. The angular size of the brighter radio component measured by King (1994) is 6.7 × 5.8 mas (at 2.3 GHz), which at a redshift of z = 0.44 equates to a physical scale of 38 × 33 pc. Based on this and the above column densities, we estimate an H I mass for these clouds of MHI ∼ 6 × 10 4 M . Absorption component 4 in Fig. 5 is by far the most broad and blueshifted, and may represent a neutral gas outflow that is being driven by the approaching jet (assumed to be the brightest of the two hot spots) as the radio source expands into the host galaxy. This outflowing neutral gas could be symmetric about the AGN in a similar manner to the outflowing ionised gas indicated by the double-peaked structure in [O III] and [O I] emission lines, yet we are necessarily given an asymmetric view because the absorption can only occur in front of the continuum source. The mass outflow rate can be estimated by assuming a simple superwind model given by (Heckman et al. 2000 )
where Ω is the solid angle into which the gas is flowing (assumed to be ∼ π; Mahony et al. 2013) , r is the radius, v is the velocity of the outflow, and NHI is the column density of H I gas. For an outflow velocity of v ∼ 300 km s −1 (based on the FWHM of the absorption component) and the above column density estimate of NHI ∼ 1 × 10 21 cm −2 for component 4 (which assumes that this outflowing gas has approximately the same spin temperature as the gas cloud) we estimate an outflow rate of ∼1 M yr −1 . The column density and true outflow rate could be over an order of magnitude higher if the gas is much warmer than the ∼ 500 K derived above, which is quite possible in the extreme conditions of an AGN (e.g. Holt et al. 2006 ).
SUMMARY
We have discovered H I 21 cm absorption towards the GPS radio source PKS B1740−517 using the six-antenna Boolardy Engineering Test Array of the Australian SKA Pathfinder. The 711.5 -1015.5 MHz band allows us to search for H I in a continuous redshift range of z = 0.4 -1.0, equivalent to look back times in the range 4.2 -7.7 Gyr, made possible by the radio quiet environment of the site at these frequencies. The detection of a broad absorption component at 0.2 per cent of the continuum demonstrates ASKAP's excellent potential for carrying out a future wide-field survey of such systems. Optical spectroscopic follow-up with the 8 m Gemini South telescope has confirmed that the H I absorption is intrinsic to the host galaxy of the radio AGN. Several forbidden oxygen lines are seen with double-peaked structure, pointing to the complex kinematics of outflowing gas. The [O III]/Hβ and [O II]/Hβ emission line ratios indicate Seyfert 2 activity, with evidence for an obscuring medium further corroborated by an absorbed X-ray spectrum seen in archival XMM-Newton data. The [O I] line is also strong, which might indicate the presence of shocks in the jet-ISM interaction.
We find that the 21 cm absorption line is best fit by a fourcomponent Gaussian model, with a single component at the systemic velocity and a complex profile of three blended components that are blueshifted by approximately 100 -300 km s −1 with respect to the systemic redshift. The width of the systemic absorption is consistent with a ring or disc of H I in the host galaxy, while we suspect that the two blueshifted narrow deep features are associated with one or two individual clouds, perhaps caught in an interaction with the approaching jet. We use the apparent depth of the peak absorption to infer that the blueshifted H I is obscuring the brighter radio component (which is likely the hot spot associated with the approaching jet). Using the narrow width (FWHM ≈ 5 km s −1 ) of this deep absorption as a proxy for the spin temperature, we estimate a mass for the H I cloud of MHI ∼ 6 × 10 4 M . The remaining blueshifted component is much broader and shallower, which we conclude represents an outflow of neutral gas with a velocity of v ∼ 300 km s −1 and a mass rate of ∼1 M yr −1 . Based on this interpretation we argue that PKS B1740−517 represents a newly triggered radio source (tage ≈ 2500 yr) in which the jets have ploughed into the circumnuclear medium, entraining the gas in an outflow. Furthermore the deep blueshifted H I absorption could be evidence of one or two individual dense clouds of neutral gas which might have been caught up in the approaching jet. Figure A1 . The distribution function of H I column densities, where the red and green dashed lines denote distributions measured from surveys for 21 cm line emission in nearby galaxies at z = 0 (Zwaan et al. 2005) and for Lyα absorption against quasars at 2 < z < 3.5 (Noterdaeme et al. 2009 ). Top: The 95 per cent upper limits obtained from surveys of 21 cm absorption, based on a simple Gaussian model and assuming that c f = 1, T spin = 100 K and ∆v 50 = 30 km s −1 ; from this work (0.4 < z < 1.0; black), a prediction for the all-sky FLASH survey with ASKAP (0.4 < z < 1.0; grey) and from the ALFALFA pilot survey (z = 0, Darling et al. 2011; blue) . Bottom: As above, but for the two-phase temperature-shielding model given by Braun (2012) , with N 0 = 1.25 × 10 20 cm −2 and N∞ = 7.5 × 10 21 cm 2 . The blue error bars denote the distribution at z = 0 given in table 2 of Braun (2012) , from 21 cm observations of local group galaxies Messier 31, Messier 33 and the Large Magellanic Cloud Braun 2012). in our spectra to a column density sensitivity. Our first model allows a direct comparison with the results of Darling et al. (2011) by assuming a single Gaussian line-profile for non-detected absorption from intervening galaxies, so that line τ (v)dv = τ peak π 4 ln (2) ∆v50,
where ∆v50 is the FWHM in the absorber rest-frame. The column density sensitivity as a function of redshift for each source is then given by (using Equation 4 
Our second model is based on a simple two-phase sandwich geometry for the gas where the cold neutral medium (Tc ∼ 100 K; CNM) is sandwiched by a layer of warm neutral medium (Tw 5000 K; WNM), which acts as a shield from local high energy UV and X-ray radiation (for further details see Kanekar et al. 2011 and Braun 2012) . Under this simple two-phase model the column density sensitivity is estimated from the optical depth limit by
where N0 is the threshold column density of WNM at which the CNM can form, and N∞ is the saturation column density as the optical depth in CNM tends to infinity. We use values for these parameters of N0 = 1.25 × 10 20 cm −2 and N∞ = 7.5 × 10 21 cm −2 , obtained by Braun (2012) from model fitting to detailed 21 cm observations of the Milky Way Galaxy, Messier 31 and the Large Magellanic Cloud.
Following the method of Darling et al. (2011) , we can estimate an upper limit on the column density frequency distribution function as follows:
where λmax is the Poisson upper limit on the rate of detection, X is the absorption comoving path length, given (in a flat ΛCDM Universe) by
and ∆X is the total interval in comoving path length for which our data are sensitive to absorption systems with column densities in the interval ∆NHI. In the case of no detections of absorption the 95 per cent upper limit is given by λmax = 3.0. The spectral data form discrete samples in redshift space (δz), and so we estimate the interval in comoving path length probed by each channel as δX(z) = X(z + 0.5δz) − X(z − 0.5δz).
It should be noted that since the spectral channels are spaced at a fixed frequency interval, δz also changes as a function of z across the spectrum. Given that the BETA spectra span a wide redshift interval, and that absorption can only be detected between the source and observer, we must also take into consideration the distribution of source redshifts when estimating ∆X. We therefore use the redshift distribution model of de Zotti et al. (2010) , which is determined from the population of radio sources brighter than 10 mJy at 1.4 GHz and given by N (z) = 1.29 + 32.37z − 32.89z 2 + 11.13z 3 − 1.125z 4 . (A8)
